Background: Asthma in horses is associated with nonspecific respiratory clinical
| INTRODUCTION
Mild to moderate asthma (also known as inflammatory airway disease) is associated with lower airway obstruction and inflammation with high prevalence in the equine population worldwide. [1] [2] [3] The term "mild equine asthma" may be used to describe the condition affecting horses with lower airway inflammation and obstruction, for the diagnosis of mild asthma in horses. 4 The combined serum concentrations of SP-D and haptoglobin were reported to differentiate horses with moderate asthma from healthy horses with no overlap between groups (sensitivity and specificity of 100%). 5 Serum haptoglobin concentration or other serum acute phase protein concentrations such as serum amyloid A or C-reactive protein do not appear to be altered in exercise-intolerant racehorses with mild to moderate asthma. 6 None of these 3 studies investigated the specificity of these biomarkers by integrating other conditions responsible for exercise intolerance. Blood biomarkers with high specificity for the lungs would represent ideal molecules for the diagnosis of asthma. Secretoglobin (SCGB) is a novel candidate protein, because it is decreased in BALF of severely asthmatic horses when compared to age-matched controls because of destruction of club cells. 7, 8 We therefore aimed to investigate the concentrations of SP-D, haptoglobin, and SCGB in the serum of horses with mild to moderate asthma and controls (healthy or pathologic horses). We hypothesized that the combined serum concentrations of these biomarkers would predict mild to moderate asthma in horses.
| MATERIALS AND METHODS
This prospective study was performed in accordance with the guidelines of the Canadian Council on Animal Care and the protocol was approved by the Ethics Committee of the Université de Montréal (#Rech-1647).
| Animals
Horses with asthma were selected from cases referred to the Equine 
| Questionnaire
The Horse Owner Assessed Respiratory Signs Index (HOARSI) is a validated standardized questionnaire based on the frequency of cough, the presence of nasal discharge after exercise, the presence of abnormal respiration, and an evaluation of the performance of the horse by the owner. 9 It is a 4-point scoring system: 1 for horses without clinical signs of respiratory disease, 2 and 3 for horses with mild or moderate signs, and 4 for horses with severe signs of respiratory disease, compatible with severe asthma. 
| Blood collection

| Protein expression studies
Surfactant protein D, haptoglobin, and SCGB were quantified in serum samples using commercially available ELISA kits validated for horses. The human SP-D ELISA (Biovendor, Asheville, North Carolina), the equine haptoglobulin ELISA (Cederlane, Burlington, Ontario, Canada) and equine uteroglobin (SCGB1A1, SCGB 1A1) ELISA (MyBioSource, San Diego, California) previously were validated by the manufacturer and used accordingly to their instructions. Plates were washed using an automatic plate washer and absorbance was obtained using a microplate reader. The assay standard curves ranged from 1.56 to 100 ng/mL for SP-D (serum dilution, 1:10), 9.38 to 600 ng/mL for haptoglobin (serum dilution, 1:32 000), and 1.56 to 100 ng/mL for SCGB. When SCGB concentrations exceeded the assay quantification range, they were attributed the higher or lower limit value of the linear part of the curve.
| Bronchoalveolar lavage
Bronchoalveolar lavage was performed as previously described with 2 × 250 mL of sterile isotonic saline. 10 Cytopreparations from unfiltered BALF were stained with May Grünwald Giemsa. Differential counts of 400 cells (excluding epithelial cells) were performed by a board-certified clinical pathologist (C. Grimes) who was blinded to the clinical status of the horses.
| Experimental protocol
All horses were transported to the hospital on the day of examination.
Physical examination and hematology were performed on all horses during the first hour of arrival. The HOARSI questionnaire was administered by 1 author (C. Gy) for all owners. Blood for ELISA also was withdrawn 1 hour after arrival in all horses.
| STATISTICS
Statistical analyses were performed using Prism 7 (GraphPad Software Inc., La Jolla, California). All data were analyzed after log-10 transformations. Group size was based on a previous study, 5 The area under receiver operating characteristic curves was determined for the different biomarkers and combinations. Sensitivity and specificity were calculated for all biomarkers alone, and in combination. Neutrophilic asthmatic horses (>5 to 20%) were compared to the combination of both control groups (healthy and pathologic).
| RESULTS
Fifty-four horses were evaluated. Three, 6, and 4 horses of the asthmatic, healthy, and pathologic groups, respectively, were excluded from the study because the BALF cytology inclusion criteria were not met. Two additional horses from the pathologic control group were excluded because of evidence of systemic inflammation based on clinical examination and results of the CBC and serum biochemistry profile. Because of the small number of horses with increased of BALF mast cells and eosinophils, only neutrophilic asthmatic horses were studied.
Fourteen horses with mild to moderate neutrophilic asthma, 9 healthy controls, and 10 pathologic controls were finally included in the study (Table 1 ).
| Animals
The mild to moderate asthma group consisted of 9 Quarter Horses and associated breeds, 4 Warmbloods, and 1 Shire. There were 6 females, 7 geldings, and 1 male. Disease duration was <2 years 
| Horse Owner Assessed Respiratory Signs Index
The 14 horses that had a history consistent with asthma had a HOARSI score of 2, the 19 horses that had a history consistent with being controls had a HOARSI score of 1 ( Table 1 ). The HOARSI score showed good agreement with the history and physical examination in this horse population (P < .001).
4.3 | Bronchoalveolar lavage fluid cytology Figure 1 and Table 1 summarize the BALF cytology findings. Only the percentage of neutrophils in BALF was significantly increased in asthmatic horses in comparison to healthy control horses (P = .007) and both control groups combined (P = .004).
| Blood analysis
Blood lymphocytes, total solids, and fibrinogen concentrations were similar among the 3 groups of horses. Blood leukocytes (P = .0006) and neutrophils (P < .0001) were within normal limits but were significantly increased in horses with asthma in comparison with healthy horses, but not with the pathological control horses (P = .13 and .33, respectively; Table 1 ).
| Blood biomarkers
The serum concentration of SP-D was significantly increased in horses with asthma with ≥15% neutrophils in BALF compared to healthy (P = .006) and pathologic controls (P = .03; Figure 2 ). No other significant difference was found among groups for the other 2 biomarkers (haptoglobin, P = .5; SCGB, P = .8).
A cutoff of 43 ng/mL for SP-D allowed differentiation of horses with neutrophilic asthma from controls (healthy and pathologic) with sensitivity and specificity of 55 and 67%, respectively, and the area under the curve (AUC) was 0.7 (95% confidence interval [CI], 0.55-0.84; P = .02; Figure 3 and Table 2 ). Horses with haptoglobin concentration >5730 ng/mL were more likely to have neutrophilic asthma with sensitivity and specificity of 95 and 28%, respectively, and the AUC was 0.55 (95% CI, 0.40-0.71; P = .5). Horses with SCGB concentration <19 ng/mL were more likely to have neutrophilic asthma, with sensitivity of 75% and specificity of 60% and the AUC was 0.63 (95% CI, 0.47-0.79; P = .2).
Sensitivity of 45% and specificity of 100% were obtained with the combination of SP-D >43 ng/mL, haptoglobin >5730 ng/mL, and SCGB <19 ng/mL (Table 2) for the diagnosis of neutrophilic asthma (AUC, 0.6; 95% CI, 0.41-0.80; P = .3). Sensitivity of 45% and specificity of 95%
were obtained with the combination of SP-D >43 ng/mL and SCGB <19 ng/mL (AUC, 0.69; 95% CI, 0.49-0.89; P = .07).
Sensitivity and specificity of the biomarker combinations all were increased with inclusion of the criterion HOARSI = 2 ( Table 2 ). The combination of SP-D >43 ng/mL, haptoglobin >5730 ng/mL, and SCGB <19 ng/mL or the combination of SP-D >43 ng/mL and SCGB <19 ng/mL showed sensitivity of 45% and specificity of 100%. Haptoglobin >5730 ng/mL or SCGB <19 ng/mL had sensitivity and specificity of 75 and 100%, respectively.
| DISCUSSION
Evaluation of blood biomarkers specific for lung inflammation could facilitate the diagnosis of asthma in horses. Previous studies have Haptoglobin is an acute phase protein produced by the liver, which increases in serum in response to inflammatory stimuli. Circulating haptoglobin concentration increases 1-10 times in the 12-24 hours after an injury and peaks 72 hours later. 11 In previous studies, 4,5 serum haptoglobin concentration was found to be increased on average 2-fold in horses with mild to moderate asthma in comparison to that of healthy control horses. In our study, serum haptoglobin concentrations of asthmatic horses and healthy and pathological controls were not significantly different. These divergent results possibly could be explained by the milder airway inflammation in the present population as compared to that of a previous study. 4 Indeed, in our study, BALF neutrophil percentage ranged from 6 to 21% (14 ± 4.6%), in comparison with results obtained previously, 4 with BALF neutrophils percentage ranging from 6 to 53%. Ideally, the specificity of serum haptoglobin as a biomarker for asthma in horses should be ascertained in the presence of exerciseinduced pulmonary hemorrhage (EIPH), because haptoglobin is a scavenger for hemoglobin. 5 The horse population we studied did not allow determining whether or not EIPH was a confounding factor for the diagnosis of asthma. The combined serum concentrations of SP-D and haptoglobin were reported to differentiate horses with moderate asthma from healthy horses with no overlap between groups (sensitivity and specificity of 100%). 5 These biomarkers only showed a sensitivity of 55% and specificity of 86% when combined in our population of horses. As indicated above, the milder airway inflammation and the inclusion of pathological controls in our study may have contributed to the apparent discrepancies between the 2 studies.
Secretoglobin is a small anti-inflammatory protein mainly secreted by mucosal epithelial cells of the lungs, the so-called club cells (formerly Clara cells). This protein represents a major constituent of airway surface fluid. 7 In previous reports, BALF SCGB expression was significantly decreased in severely asthmatic horses, 12, 13 as well as in humans with asthma, 14 when compared to healthy controls. We had postulated that combining biomarkers that are both increased and decreased in the blood of asthmatic horses would increase the sensitivity and specificity for diagnosis.
Although no significant decrease in the serum concentration of SCGB was found in asthmatic horses compared to our 2 control groups, when combined with a HOARSI score >2, it had high sensitivity and specificity for the diagnosis of asthma, making it possibly a suitable field biomarker.
Blood biomarkers possibly could be directed toward the diagnosis of the phenotype of asthma in horses (neutrophilic, mastocytic, and eosinophilic) given the growing interest in targeted treatment, especially in human medicine. The majority of the horses in our study had an increased percentage of neutrophils in BALF, preventing the examination of such a possible link.
In our study, HOARSI was used to complement the history and clinical signs for disease classification purposes. A previous study found good discrimination only between severely asthma-affected horses and non-affected horses using HOARSI, but we found good agreement (P < .001) between HOARSI and classification of horses based on history and physical examination in our population of moderately asthmatic horses. 15 This finding was a useful addition, considering that for ethical and logistical considerations, BALF cytology could only be performed in a subset of our pathological controls.
Lastly, a significant difference was found in blood leukocyte and neutrophil counts between asthmatic and healthy horses. These results suggest systemic inflammation, but it remains to be determined if it represents a spillover of lung inflammation into the bloodstream or an intrinsic feature of the disease as suggested for horses with severe asthma.
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T A B L E 2 Sensitivity and specificity for all biomarkers and combination. Sensitivity and Specificity were calculated using 14 neutrophilic asthmatic horses, 9 healthy controls, and 10 pathologic controls 
